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Abstract To know the determinants of adult wing forms, f. crocale and f. pomona, and larval 
and pupal coloration of the Sabahan population of the Lemon Migrant, Catopsilia pomona, the 
larvae were reared in isolation or in crowds under a short (10-hour) photoperiod or natural 
photoperiods (about 13-hour) at room temperatures (22-34°C). The larval photoperiod 
affected the adult forms: several intermediate forms emerged under the short day, while all 
the individuals were of f. crocale under natural photoperiods. A phase variation was observed 
in the larval stage: conspicuous black lateral stripes appeared in the larvae reared in crowds, 
while the larval body was almost green in the solitary rearing. The high density also caused 
the slight shortening of larval stage and the decrease in pupal size. The pupal coloration was 
proved to be determined by the ground color of substratum for pupation: yellowish green and 
brown backgrounds induced greenish and brownish pupae, respectively. 


Key words Butterfly, Catopsilia pomona, Malaysia, determinant, wing form, phase variation, 
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Tropical butterflies are subjected to nearly constant conditions of daylength and tempera- 
ture all the year round. It is, however, not that we can not find any “seasonalities” in the 
life of tropical butterflies. For example, Owen (1971) pointed out that in tropical Africa a 
considerable number of satyrids and some nymphalids have two “seasonal forms”, 7. e., the 
wet- and dry-season forms, which replace each other as the season changes. I also 
collected different seasonal forms of such butterflies as Catopsilia pomona, Eurema hecabe, 
Melanitis leda, etc. during the short research period in Sabah, Malaysia in July and August 
of 1981 (Table 1). Among them the Lemon Migrant, C. pomona has the two adult forms, 
f. crocale and f. pomona detemined by the larval photoperiod in the population of southern 
Japan (Yata and Tanaka, 1979). 


Here arises an intriguing question, what factors are responsible for the control of the 
seasonal replacement of adult forms in the tropics. In order to elucidate the determination 
of adult seasonal forms in tropical butterflies, rearing experiments were made with C. 
pomona (Fabricius), in Sabah, Malaysia in 1981. In addition, the determinants of larval 
melanization and pupal coloration will also be dealt in this paper. 


Materials and Methods 


Eggs of the Lemon Migrant, Catopsilia pomona were obtained from females of f. cvocale 
captured around the Forest Research Center in the suberbs of Sandakan, Sabah in late July 
of 1981. The hatched larvae were divided into 2 groups and reared under a 10-hour or 
natural photoperiods (about 13 hours including morning and evening twilights) in the 
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Table 1. Numbers of each “seasonal forms” of 3 butterfly species collected in Sabah in 
July and August, 1981. WSF: wet season form including f. crocale in C. pomona, 
DSF: dry season form including f. pomona in C. pomona, IMF : intermediate form. 














Species WSF IMF DSF Total 
Pieridae 
Catopsilia pomona 11 3 11 25 
Eurema hecabe 36 0 10 46 
Satyridae 
Melanitis leda 3 3 1 7 











laboratory of the center in August. Pach group was subdivided into 2 groups and reared 
in isolation (an individual per a 200-ml transparent plastic cup) or in crowds (5 individuals 
per the same plastic cup). Larvae were daily provided fresh leaves of Cassia sp. as food. 
The photoperiod was controlled manually : larvae of the short-day rearing were put on a 
desk illuminated by fluorescent lamps and/or the light through the window in photophases, 
and put in light-tight boxes in scotophases. In the present study, the temperature was not 
controlled so that it fluctuated between 22 and 34°C. Durations of larval and pupal periods, 
larval coloration, and pupal body length were recorded. 


In the course of experiment, I found a variation in pupal coloration of this pierid: pupae 
formed on the Cassia leaf were green, while some on the wall or lid of plastic cup bore 
brown or intermediate colors (see Figs 6-7). Thus in order to know the factor determining 
the pupal coloration, 10 final instar larvae reared under natural photoperiods were put into 
each of the two types of clear 200-ml plastic cups, those wrapped in the thin yellowish- 
green paper and those in the thin brown paper, at the wandering stage, and they were put 
on the desk by the window. 


Results and discussion 


Larval stage and pupal size 


Larval photoperiods seemed to uninfluence on the larval development in the present pierid : 
the mean larval stage under a 10-hour photoperiod did not differ from that under natural 
daylengths in both solitaly and crowded conditions (Table 2, P>0.05 by t-test). On the 
other hand, the rearing density appeared to have an effect on the larval growth: under each 
photoperiodic condition the mean larval stage of the crowded group was slightly shorter 
than that of the solitary one and the differences were significant (P<0.05). The pupal size 
appeared to reflect the duration of larval stage: the mean pupal sizes estimated as the 
pupal body length were greater in the solitary groups than in the crowded ones (Table 2 ; 
P<0.05). The difference seemed more evident under the 10-hour photoperiod than under 
natural photoperiods. The results demonstrate that the high density during larval period 
causes both the shortening of larval stage and the decrease in adult size in this pierid. 


Phase variation in larvae 


It was interesting that the larval coloration varied with the rearing density, whereas 
photoperiods seemingly had no effect on the determination of the larval coloration. In 
Figure 1, five grades of.the larval coloration used by Fukuda (1981), and the percentage of 
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Table 2. Mean larval stages and pupal sizes, and numbers of crocale, pomona and intermedi- 
ate forms emerged under different density and photoperiodic conditins in the Lemon 
Migrant, Catopsilia pomona. 














re No. of Larval stage Pupal size No. of adults emerged 
Conditions P ; 
upation (mean+S.D. days) (mean+S.D. mm) ety Int E 

solitary 

10L-14D 15 8.40 + 0.63a 31.00+1.19a 9 4 

natural 15 8.60+0.5la 30.36 +1.20a 10 0 
crowded 

10L-14D 13 8.15+0.38b 27.23 土 1.29b 8 3 

natural 12 8.08 +0.29b 29.05+1.71b 11 0 











Means followed by the same letters in a column are not significantly different at 5% level by 
t-test. 
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Fig. 1. Five grades of larval coloration (B0-B4) used by FUKUDA (1980), and percentages 
of 4th (IV) and 5th (V) instar larvae of each grade in solitary and crowded rearings 
under a 10-hour and natural (ca. 13-hour) photoperiods in the Lemon Migrant, 
Catopsilia pomona (see text). 


4th and 5th (final) instar larvae of each grade under the 4 different conditions are shown. 
The “density effect” became remarkable after the 4th instar stage: although the larvae 
were uniformly yellowish green till the 3rd larval instar, about a half of the 4th instar 
larvae and all the 5th instar ones of the crowded group had conspicuous black lateral 
stripes (Figs. 2-5). In most 4th instar larvae and about a half of the 5th instar ones of the 
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Figs 2-5. Final (5th) instar larvae of Catopsilia pomona. 2-3. Larva of grade BO. 4-5. 
Larva of grade B3. 





Figs 6-7. Variation of pupal coloration in Catopsilia pomona. 6. A greenish pupa formed 
on the underside of Cassia leaf. 7. Greenish (G) and brownish (B) pupae obtained 
from the present experiment (see text). 
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Figs 8-11. Intermediate-form adults of Catopsilia pomona obtained from the present 
experiment. Dorsal and ventral views of a male (8-9) and a female (10-11). 


solitary group, contrastively, the body coloration was almost green. The differences in the 
proportions of larvae belonging to each grade were significant between solitary and 
crowded groups and between 4th and 5th instar larvae despite the photoperiodic conditions 
(Table 3). 


The phenomenon in which such characters as morphology, coloration, physiology, behavior 
etc. of an insect species change remarkably in response to the population density has been 
known as the phase variation, and in the insects such as locusts and armyworms, the phase 
variation is deeply related to the migratory nature (e. g., Iwao, 1956). In the present pierid, 
however, the differences in the behavior between solitary and crowded groups were still 
unclear like the Japanese libytheid butterfly, Libythea celtis studied by Akayama (1981). In 
addition, the larval coloration seemed independent of adult forms in this pierid (Table 2). 


Determinant of pupal coloration 


All of the 10 pupae formed on the wall or lid of the plastic cups wrapped in the yellowish- 
green paper were greenish, while all 10 pupae in the cups wrapped in the brown paper were 
brownish (Figs 6-7). The results show that the pupal coloration of the present species is 
determined by ground color of the substratum for pupution. The similar determination of 
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Table 3. Significances of the difference by chi-square test in the proportions of 
larvae belonging to each color grade between the groups reared in different 
density and/or photoperiodic conditions. N.S.: P>0.05, *: 0.05>P>0.01, 
**:0.01>P>0.001, ***: P<0.001, d.f.: degree of freedom, 10L: 10L-14D, 
NDL: natural daylengths. 








Paired groups x’ d.f. P 
4th instar 
10L-solitary vs NDL-solitary 2.40 1 N.S. 
10L-crowded vs NDL-crowded 1.22 2 N.S. 
10L-solitary vs 10L-crowded 6.50 2 i 
NLD-solitary vs NDL-crowded 12.00 3 ae 
oth instar 
10L-solitary vs NDL-solitary 5.87 3 N.S. 
10L-crowded vs NDL-crowded 3.30 2 N.S 
10L-solitary vs 10L-crowded 10.98 3 ‘i 
NDL-solitary vs NDL-crowded 23.76 4 aa 
4th vs 5th instars 
10L-solitary 14.03 3 ie 
" 10L-crowded 22.07 4 TER 
NDL-solitary 7.88 2 * 
NDL-crowded 20.72 4 eae 





pupal coloration has been known in butterflies snch as Pieris rapae (Ohtaki, 1960) and 
Inachis io (Maisch and Biickmann, 1987). All the 20 pupae were emerged as crocale-form 
adults despite the pupal coloration, showing that the determinants of pupal coloration and 
adult forms are independent of each other in this pierid. 


Determinants of adult forms 


Yata and Tanaka (1979) reported that the larval short days of 10 and 11 hours induced the 
pomona form, while the crocale-form adults were emerged under the long days of 13 and 
14 hours at 20°C in the Okinawa population of the present species. Fukuda (1981) suggest- 
ed from his experiments with the Okinawa and Kagoshima populations that high tempera- 
tures and/or high densities should suppress the pomona-form production by the short day. 
The results of the present experiment did not seem inconsistent with their conclusion. 
Although no pomona form was obtained in this experiment, the intermediate form adults 
emerged only under a short (10-hour) photoperiod (Table 1). By contrast, all the individ- 
uals which experienced natural photoperiods during larval periods transformed into the 
crocale forms. However, the rearing density during the larval period appeared to unaffect 
the adult forms in the present study. 


Because of a few-day’s stoppage of electric power during the “Hari Raya Puasa” festival, 
the room temperature became higher in the course of rearing, which may suppress the 
development of the short-day individuals into the pomona form. However, it may be sure 
from the results of the present experiment that the larval photoperiod should be one of the 
most important determinants of the adult seasonal forms in this pierid. N evertheless, it 
is strange that we can find crocale and pomona forms in the same season in Sabah where 
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natural daylengths including civil twilights range only from 12.5 to 13.5 hours (Beck, 1980) 
with monthly mean temperatures in lowlands being as constant as between 26 and 28°C 
(Japan Meteorological Agency, 1984). Although the present species is one of the well- 
known migrants in the monsoon Asia (e. g., Wiliams, 1930; Yamada, 1973; Yukawa, 1983 ; 
Ishii, 1989), the pomona-form adult is especially inferred to live and to migrate longer than 
the crocale-form adult because the ovarian development of the former is retarded after 
emergence (Yata and Tanaka, 1979). It might be possible, therefore, that most pomona- 
form adults are emerged in the regions of high altitudes where the temperatures are low 
enough for the pomona-form production, and migrate into the lowlands as Sandakan to be 
mixed with the crocale-form adults emerged there. 
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摘 要 
熱帯 産 ウ スキ シロ チョ ウ に お ける 幼虫 , 映 , 成虫 の 表現 型 多 型 の 決定 要因 (石井 実 ) 


マレ ー シ ア , サバ 州 産 の ウス キシ ロ チ ョ ウ に お ける 成虫 の 贅 多 型 , 幼虫 - 喘 の 色彩 多 型 の 決定 要因 を 明 
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ら か に する た め に , 効 虫 を 密度 と 日 長 を 変え て , 室温 (22-34°C) で 飼育 し た . その 結果 , 幼虫 期 の 日 長 
は 成虫 の 閉 多 型 に 影響 を 与 を る こと が わか っ た . すなわち 。, 自然 日 長 区 ( 約 13 時 間 ) で は ム モ ン 型 し か 
得 ら れん な か っ た が , 10 時 間 日 長 区 で は いく ら か の 中 間 型 が 羽化 し た , また , 幼虫 を 高密 度 (200 ml OF 
器 に 5 個体) で 飼育 する と, 体側 が 強く 黒 化 する 個体 が 多く 出現 し た . これ は 多く の 昆虫 で 知ら れる 相 
変異 現象 の 一 種 と 考え られ る . 単独 飼 育 区 と 比べ る と , BRE ROM BML PPS <I) CHO 
た . さら に , RMOMO BH RRT SRMOPRACRESTEBbPok, すなわち , 緑色 の 紙 を 
PRIME LAIR, 茶色 の 紙 を 背景 に 遇 化し た 個体 は 褐色 で あっ た . 本 種 に お ける 幼虫 , i, 
成虫 の 表現 型 多 型 が すべ て 独立 の 要因 に より 制御 され て いる こと は 興味 ふか い . 
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